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Description of a rapid method of determining the coefficients a,

b, and ¢ in the Maier-Kelley empirical equation ¢’ =a + bT -

- ¢T"?, for the atomic heat capacity of a substance. BEmpirical

equations for the three coefficients are set up, based on the
temperature dependence of corundum. Theoretical and experimental

high-temperature heat-capacity values for various inorganic and

some organic golid compounds are tabulated. /62§6¢Q£p// |

For many inorganic solid compounds there are no mathematical equations of
;high—temperature heat capacity based on experimental data (Bibl.l, 2). A number
of approximate methods of calculating the heat capacities of solid bodies at |
‘elevated temperatures are known (Bibl.2 - 6).

In this paper, a rapid method is proposed for determining the coeff1c1ents
a, b, and ¢ in the empirical Maier-Kelley equation (Bibl.7) for the dependence i
of the heat capacity of a substance at constant pressure, C;t, on the absolute é
%emperature T: |

C¥= a4 bT — ¢T-2. (1)

An equation of dependence of the atomic heat capacity of a substance at

constant volume, ey’ » on the quantity T has been derived in simplified form

* Presented by N.A.landiya, Corresponding Member of the Academy, December 1,
1964 .

#% Numbers in the margin indicate pagination in the original foreign text.



where the coefficients a~ and by are, respectively, equal to 0.87°K and 6.6°K. [
vTo establish their values, we used the equation of the temperature dependence
of Cit of a-corundum, Al-.Oas, as being the most reliable. In addition, the
;temperature slope of its heat capacity in the 298 - 2000°K interval is satis- ‘
factorlly expressed (+0.5%) by eq.(1). Thus, the values of the coefficients i
= 5,50 and b = 0.56l x 107 for the atomic heat capacity of corundum (Bibl. 1);
are entirely reliable. The Debye characteristic temperature @, in calculating :

C, by the present method, is computed from the value of the standard atomic

entropy Sses by the formula (Bibl.8):

. 9 , :
ar / i
0 =1130 [exp(—“i;i-) - 0.78] o ' (5)

The value of & calculated from eq.(5) for corundum was 931°K. Consequent—f

1y, ;
- .96 — _Tm'P—= .Qb—c¢. ——2—3—?5—. — .
20~ (59 2) C208- 6 (5:96—5-5) 3.78x931 0,33
T 1 2305:0,564 - 10~%
by = T = > 504 = 0.34.

Cr29 3.78

Thus, the coefficients a and b of eq.(l) should be determined from the

:f ollowing relationsg

a = §.96 — C_>-_3_¥_sz9e_'9’ \ (6)

mp ‘

b= &g{?xcf.isa . (7)
Tor

The coefficient ¢ is calculated from the value of Cises from eq.(1):

¢ = 0.9 (8-t b-298—Clim)-10% . @)

If the resultant values of the coefficients a; and bo for corundum are (58}
constant for various types of compounds, the method may be recommended for use.:

It was , therefore, necessary to check the accuracy of the computational formu-
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for the Debye function (Bibl.8):
120 ous ‘
— g 05 :
18.5 |- (T) (2)

where & is the characteristic temperature in °K. Equation (2) may take the fonﬁ

Cvm

ar _ (C - Oy 5)9 -*i
CV = 5.96 TS ™. |

In order to pass from cit to C:t , we make use of the Nernst-Lindemann

semi-empirical relation (Bibl.9)

"

13 at . ]
Cy = Cv +-0.0214 (C;)? T
mp

where Ty, is the melting point of the compound, in °K. Consequently,
Cr =5.96 -|- 3'_(12.34_(_0_1’{2 T — ‘(____C:'T -0 '5,)_9j Tt (3)
Tep 18.5 ’

Equation (3), containing terms in T and T"° similar in form to eq.(1)
:differs in substance from it, since the terms in front of T and T"° contain LLBg
the temperature-dependent quantities C;‘ and Ci*. To simplify eq.(3), let us ‘
represent the term (C3*)® in the form of the product Ciige+ Cv'. To compensatej
the error resulting from this assumption, we must seek .a new value for the co-
efficient of K in the second term, and determine the multiplier in front of T'z‘

from Cosge , as the coefficient ¢ in eq.(1):

K- Cis-CV . —3 : }
T L — T2 (u)

Cy =596 -|-
If, in eq.(L), we substitute the expression (Bibl.6) for C°

()
C:'c 6-6‘—0.87‘Ta i
we obtain

C;'=(S.96—- Cyas8- 9) + bo pm T—oT-?,

Vl‘ mp



las (6), (7), and (8). With this object, from egs.(1l) set up according to
egs.(6), (7), and (8), we calculated the heat capacities at 400, 600, and 80c° K,
and so on, and compared them with the experimental data (Bibl.1). 1In this case",

: |
we calculated in percent the relative deviation & of the calculated value of Cp'

TABLE 1

DEVIATIONS BETWEEN CALCULATED AND EXPERIMENTAL VALUES OF THE
HIGH-TEMPERATURE HEAT CAPACITY FOR A NUMBER OF SOLID
INORGANIC COMPOUNDS

| : — . e -
suncance] 38155 I e 02 T [T
Lis0 —116 | —57] 208—10% | Ma$ +27 1 + 16 | 2081800 |
BeO - 99 | +39 238-1200 | B,C — RS | 4 4.5 | 20820000 ?
MgO 4 39 | 320} 205—-2000 | TiC - 377 - 30 208 ~ ANN)
Ca0 ~ 16 | —11] 208—2000 | CrC, —130 | — 78 | 208140
) — 41 | ~33] 208—180 | VN — 82 | — 42 | 208-2000
Ba0) — 34 | —25! 208200 | ZeN — 71| — 34 li 298 = 2000
ALY ~ 20 | +£1.0] 208—=2000 | LiAlO, — 1.2 1 — 08 | 2981800
MnoO = 13 | 305| 208-2000 | MgdlhO, | - 6.l | + 25 ’ 208 — 2KX)
V.0, - 89 | —62( 208-2000 [ Cual,O, + 4.4 ll + 31 ; 298 = 1800
Ja,0 .| — 1.2 1 405 208—2000 | Na,8i0, — 55 | — 27 . 2% —-1200
TiOy | +122 | £48] 208-2000 | Mg,SiO, | — 29 | & 16 ] 208 — 2000
Hf0, — 59 | £38] 208-2000 | Ca$i0, 4+ 38 | + 28 ‘ 208 — 1400
THhO, — 65 | £26| 298 -200 | CuFe,0, | -+ 73 ! 4 34 | 208—1400
Nb,0, 70 | 4490 208-1600 | FeCr,Op | — 25 | — 1.0 2981800
Ta,0, 423 | 4L 2082000 | FeSi0, | - 26 1 + 09 \ 208 ~ 1400
MoO, 424 1 4191 208—1000 | N, CO, — b4 i £ 26 | 298—1000
LiF — 71 | —a1l 28 1000 | Banoy, L B |+ 4 | 208 800
NaF — 48 | _2.1‘\ 208 -1200 | AL(SOM, | 4 84 | + 30 | 208—1000
NaCl — 03 | --01, 28—1000 | MgTi0, | — 43 | — 26 | 2082000
K¥ 431 | +1.0] 208-1000 | BaTio, -+ 85 | +37 ! 2os—1800
KCl 423 | £1.2] 208-100 | Ba,TiO, 4105 ;% 46 | 2041800
AgCl — 46 | —2.4! 298- 00 | Al,TiO, 4+ 09 5 4 06 0 LU8—1800
CaCl, 409 | 144! 208-1000 | FoTiO, +16 | £ 07 © 208-1600
MnCly,” | 4- 7.0 | +3.1] 298— 900 | CaTiSiO, | + 63 . + 29 | 298—1600 ‘
FeCl, 483 | £3.5] 298 - 900 | CaB,O, 476 4 42 ‘ 208 - 1200
NiCh |+ 34 | £12] 282120 0 ARAT L 406 ] 404 298 900
FeCl, — 38 | 251 208- 550 | MgZn, + 24 0 4+ 18 | 208 w00
ucl, + 57 | 4350 208- 700 | MoSi, #0170 £ 08 | 2081200




from the experimental value, as well as the mean deviation § for the temperature
interval considered. The results of these calculations are given in Table 1,
dealing with the principal types of inorganic compounds: oxides, halides, ngg
:carbides, nitrides, aluminates, silicates, etc. In selecting these compounds,
we were mainly concerned with the fact that in some cases the experimental
values of the high-temperature heat capacity may differ greatly from the true
values if obtained by a differentiation of only moderately accurate enthalpy
equations. ;

It will be seen from Table 1 that the proposed rapid method of calculating
Cp, gives entirely satisfactory results for most compounds (3 < 5%) and that the%
mean deviation & for the 56 substances considered does not exceed +3.0%.

In cases where a polymorphic transformation of the substance® is observed i
in the interval 298 - T.,, the melting point in egs.(6) and (7) must be replace&
;by the temperature of polymorphic transformation T, (Bibl.6), yielding an
equation of the type of eq.(l) from the low-temperature o-modification of the
substance in the interval 298 - T,..

It is difficult to solve the problem of a computational determination of
‘the heat capacity equation for the high-temperature B-modification of a sub-
‘stance. In first approximation, however, egs.(6) and (7) may be used to set up;
ian equation of the type C;t = a + bT for the B-form of a substance, by substi-
Ztuting the value of C;EQS by the value of the heat capacity at the transition
;point, calculated by the equation of the o-modification of the compound, and

substituting ® by the value of & characteristic for the 3-form of the sub-

stance. An approximate formula for calculating 83 is easily obtained by extend-

#* Substances with a ferromagnetic transformation are not considered in this
paper.



ing the Lindemann hypothesis (Bibl.10) on the melting of a crystal during poly—:
morphic transformation. In that case, for the - and 8-forms of the compound,
the well-known Lindemann formula (Bibl.10) is obtained for the characteristic
‘temperature, represented in the form of the equations
Qe = 133 (Ttr _M-I.V“-i/l )l/ﬂ , ‘ (9?
88 = 133 (T, M-t vg7 /)1, (10)
where M is the atomic mass, and V is the atomic volume of the compound. Com~

bining egs.(9) and (10) under the assumption that Vo = %, we obtain

T 1/1
reon (i)'

Ttr K

where 8 is calculated from eq.(5).

Taking these corrections into account, we set up the equations of high-
temperature heat capacity for substances with a polymorphic transformation in
‘the interval 298 - Ta, . The calculated values of C, were compared with the
experimental values (Bibl.1). The results of the calculations for 12 compounds
‘are given in Table 2, according to which the mean deviation § for the o-modifi-
cation of these substances is +3.5% and for the B-modification, +8.0%. It [égé
:is obvious that the proposed method of calculating C, is characterized by a
.relatively low accuracy for the B-form of the compound. This is due to the
approximate character, both of the proposed computational formulas and of ;
certain experimental data used in the comparison.

In the absence of an experimental vélue of s;;a for the test substance, in;
calculating C, by this method, we may use its approximate value determined by |
the empirical methods of the literature (Bibl.2. 11, 12). It has been estab-

lished, by the aid of special calculations, that any fluctuation of the values -

of s;;a and Ty, within a range of +10% leads to an average decrease of +0.5
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to 1.0% in the accuracy of the equations obtained for Cp. If the calculated

‘value of C;ége is used, it should be qualified by an error of < 5%. The

TABLE 2

DEVIATIONS BETWEEN CALCULATED AND EXPERIMENTAL VALUES
OF THE HIGH-TEMPERATURE HEAT CAPACITY FOR CERTAIN SOLID
SUBSTANCES WITH A POLYMORPHIC TRANSFORMATION IN THE
INTERVAL 298 - T,

L Y = ' Interval | b % - Interval
Substance e b % K Substance ax 3 % °K
| I
a—Ti0 — 92 |~ 53| 2981264 3~ Ca;’PO.),! ~141 1 4 60 | 298-1373 .
X |
8—TiO ~168 |—16.2| 1264-2000 |3- Cay(PO|  +122 | +4- 99 | 1373—1600 ! |
a—Quartz | + 63 |+ 36| 298—848 |a-Na,TiOy | — 4.4 | — 22 | 208-560 ‘
B—Quartz | +14.2 14 97| 8481800 B--Na,Tiu, | 146 | — 94 | 550—1300
[
|
!

a AlF, — 15 |+ 05! 208727 o801 L~ 50 1 £ 16 | 208514
8 - AIF, 4 68 |+ 33| 721400 Nay$O,- 1 L - 78 1 -39 ¢ Sl4--1100
a—SnS | + B0 |4 17] 295—875 |a-K,S0, | — 46 | £ 1B | 205-836
B—SnS | 4127 |+125) 875=1150 B-K,SO, | -+ 22 | + 14 | 8561300
a—CaC, S 61| 98- heCan0 | - 45 | 26 | 2081413
B—CaC, +105 |4+ 871 720--2000 |3~ Ca,P,04 4+ 62 1 4+ 43 :1413—1600
a—CaTiO, | + 79 [= 31° 208-1530 la—Mu,C | =103 | — 7.7 | 208-1310
? } 1310 - 1500
3 i

B--CaTiO, | +158 +n.4] 1530 -2000 lﬁ—Mn,C 249 | —235
_ |

additive-entropy method developed by one of us (Bibl.13) must be considered as |
most suitable for the approximate calculation of C;gse. This method is accurate
within £5.0% and may be successfully used with this method of setting up the

equations of the high-temperature heat capacity of solid inorganic compounds.
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